ABSTRACT. Primer designed on the basis of the conserved transcription start point (tsp) region of human and bovine gene transcripts, encoding the Interleukin-4 (IL-4), and subsequently the gene specific primer and an adaptor primer pair, was successfully used, to generate the full-length complementary DNA (cDNA) sequence coding for canine IL-4 (cIL-4), from pokeweed mitogen stimulated canine peripheral blood lymphocytes. The full-length cIL-4 contains an open reading frame of 399 nucleotides (nt), with a 5' ends of 66 base pairs (bp) and 3' ends of 125 bp. The nucleotide sequence contains six possible Asn-X-Thr or Asn-X-Ser linked glycosylation sites. Five sequence motifs of TATT or ATTTA, responsible for the regulation of gene expression, are found in the 3' untranslated region.-KEY WORDS: canine, Interleukin-4, T lymphocyte.
dogs, as well as in the development of autoimmune diseases.
Total RNA isolated from pokeweed mitogen stimulated peripheral blood lymphocytes of dog, by using a RNeasy Mini Kit (QIAGEN, Hilden, Germany), as per the manufacturer's instructions, was reverse transcribed into cDNA, by using a 38 base pairs (bp) oligonucleotide primer containing 17 dT residues and an adaptor sequence as 5'-GGCCACGCGTCGACTAGTACT-3'. The 5' end was generated by using a sense oligonucleotide primer 5'-TGCATYGTTAGCGTCTCCT-3' and an anti sense oligo primer 5'-CGTCTTTAGCCTTTCCAAG-3', obtained from the conserved regions of the bovine, human and mouse IL-4 gene sequences. The 5' end primer sequence corresponds to the transcription start point (tsp) of IL-4, and is fully conserved in all these species, so it may likely serve the same role in canines as well as in other species. This primer can possibly be used for the cloning and sequencing of IL-4 cDNA in other species also. The PCR products were cloned into pGEM-T easy vector (Promega Corporation, Madison, WI, U.S.A.), and subjected to sequence analysis by using Thermo Sequenase pre-mixed cycle sequencing kit (Amersham Pharmacia Biotech, Uppsala, Sweden).
The 3' end sequence was generated by rapid amplification of cDNA ends (RACE) method. In this method, target cDNA was amplified by using an adaptor primer, as already d e s c r i b e d , a n d a g e n e s p e c i f i c p r i m e r 5 ' -GAACATCCTCACAGCGAG-3' corresponding to nucleotides (nt) sequence 180 to 197 of the canine IL-4 cDNA transcript. The PCR product was cloned and subjected to sequence analysis.
Nucleotide sequences obtained from five independent clones showed that canine IL-4 has an open reading frame of 399 bp, coding for a polypeptide of 132 amino acids ( Fig. 1) . Coding of amino acids start at nt 67 and extends to nt 465 leaving a 66 nt 5' UTR and a 125 nt 3' UTR. Being a secreted protein, a hydrophobic leader sequence is expected to precede the sequence for the mature secreted form of the protein. By analogy with hIL-4 [19] , cleavage of the precursor peptide probably occurs after Gly residue at position 24, to yield a mature polypeptide of 108 amino * CORRESPONDENCE TO: OHNO, K., Lab. Vet. Int. Med., Faculty of Agriculture, Yamaguchi University, Yoshida, Yamaguchi 753-8515, Japan.
T lymphocytes play a key role in the development of immune responses. On the basis of their pattern of cytokine synthesis, T lymphocytes are divided into two subsets: T helper-1 cells (Th1) and T helper-2 (Th2). Interleukin-4 (IL-4) is produced mainly by the Th2 cell subsets [13] . It is a multi functional lymphokine which interacts with cells of different types, including T cells, B cells and mast cells [11] . Molecular biology and other biological functions have been reviewed in detail [1, 17, 19] . Mice with defective IL-4 gene [9] , fail to produce IgE and show reduced levels of IgG1. This indicates the role of IL-4 in the development of certain disease states, like hyper-IgE syndrome or IgE mediated allergic conditions [5] . In addition to it, a wide variety of pathological states, including autoimmune, allergic, and chronic infectious diseases, have been shown to be caused by the inappropriate development of the Th2 subsets producing IL-4 [2] . Thus any manipulation that can alter the Th responses may have significant therapeutic applications [15] . In human IL-4 (hIL-4) molecule, the substitution of a single amino acid was found to act as a powerful antagonist of IL-4 with high receptor binding affinity but decreased signal transduction [8] .
IL-4 gene has been cloned in many species, including humans [18] , bovines [6] , murines [10] , ovines [4] and felines [16] , etc and recently the cloning of canine IL-4 has also been reported [7] . We hereby report the cloning and sequencing of the full-length canine IL-4 cDNA, especially with complete 5' as well as the 3' ends. So far the untranslated region (UTR) of canine IL-4 is not available. As the 3' end is considered to be important for gene expression, and also it is known to be relatively restricted in terms of species specificity [12] , therefore present study was carried out to clone and sequence the full length canine IL-4 cDNA, with both 3' end as well as 5' end UTR with the intention to establish the biological role of cIL-4 in allergic acid residues. Comparison of complete cDNA sequence shows that canine nt sequence is more homologous to cat IL-4 cDNA nt sequence than that of bovines, or humans (data not shown). The 3' ends of all the species show a homology of, 79%, 77%, and 74% for humans, felines and bovines respectively. Similar results have been shown in human and mouse as well as human and bovine 3' end region homology [6] . Tandem repeats of the sequence TATT or ATTTA are a common feature of the 3' UTR of several lymphokines and other genes and are thought to be involved in the regulation of gene expression by influencing mRNA stability [3, 14] . Five such dispersed motifs are found in canine nt sequence. Their homology with other species is shown (Fig. 2) .
Amino acid (aa) sequence shows the absence of 18 aa residues, which are present in the human sequence. This sequence should probably be present in between aa 81-82 of the canine sequence. Seventeen amino acids in bovine sequence, 18 amino acids in feline and 7 amino acids in murine sequence are also missing from the same region (data not shown). The lack of 18 amino acid residues in this region of cIL-4 is because of the absence of 54 bp fragment, which is not an artifact, as has been confirmed in five different clones. It is still not clear as if it is the deletion in the canine IL-4 coding sequence or is an insertion in the human IL-4 sequence.
There are six possible N-linked glycosylation sites present in canine IL-4, out of them the site at position 62-64 is conserved in all the species. The glycosylation sites at positions 28-30, 45-47, 83-85, and 95-99 are conserved in between cIL-4 and feline IL-4 only. In addition to these there is an additional glycosylation site at position 101-103 in the canine sequence. It has not been established, whether glycosylation actually occurs at these sites or not.
It is concluded that full length canine IL-4 cDNA has an open reading frame of 399 bp. It is smaller than human IL-4 cDNA, because of the absence of the 54 bp fragment from the coding region. As already described that the availability of full-length cIL-4 cDNA will provide a useful reagent for studying their role in dog type I allergies as well as in the development of autoimmune diseases. The synthesis of recombinant cIL-4 and the production of monoclonal antibodies will be an essential immunological tool to study the canine immunology in detail.
